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NOTICES

When Government drawings, specifications, or other data are used
fear 2ny purpese other than in conrection with a definitely related Govern-
ment procurement opera2tion, the United States Government thereby incurs
no respoasibility nor ary otligation whatsoever; and the fact that the
Covernment may have fcrmulated, furnished, or in any way sarplied the
said drawings, specificaticns, or othier data, is no! to be regarded by
implication &~ otherwise as in any manner licersing the kholcer or any
other person or corporation, or conveving any rights or permissioa to
manuiacture, use, or seli anyv patented invention that may in any way be

Telated thereto

Quazlified requesiers may obtain copies of this report irom the
Armed Services Technical Information Agency, (ASTiA), Arlington Hall
Station, Ariingion 12, Virginia.

Copies of ASD Technical Reports 2nd Technical Notes shoo'd not
be returned to the Aeronautical Systems Division unless return is Teguired
by secirity coasiderations, contraciual obligations, or no*.-s on a srecific
documeni. )
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This report was precared by Scethwest Research Instituie, Sen
Antonio, Texas, under Contraci No. AF 33(600)-39425. This coatraci was
initiated under P-oject No. 3648, "Aviation Feeis, " Task No. 30178,
"Zifects of Fuel o2 Fuel Systems.” The work was administerad ander the
jirection of the Applications Laboratory, Directorate of Materials and
rocesses, Deputy far Technology, Aeronauticzl Systems Division, with
fr. Paunl C. Linder as “roject Engireer.
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Thris report covers work performed from May 1959 through Novem-
ber :1960. The contract was periormed by the Dzpartment of A=rospace
Propalsion Research, Southwest Research Institute, under the technicai
direction of Mr. Robert XK. Johnston, Project Leader.

The following filier- separator manufacturers farnished design
informaticn, test elements, and other cquipment; their cooperation 1s
gratefully acknow_edged:

Bendix Filter Division
Bowser, Inc.

Briggs Filiration Company

- Permanent Filter Corporation
Richimond Engineering Company
Warner Lewis Company
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ABSTRACT

The effect of corrosion inhibitors on filtration and water separation
characteristics of JP-2 fuel was studied in 2 single-element filter-seps ra-
tor test facility. using five types of commercizl eiements and housings
design2@d to simulate full-ccale flow coditions. Standard coarse 3/C dust
and water were used as test coniaminants; 2 brief study was made using
iron oxides. Adverse effects of the corrosion inhibitors varied widely,
and the element types diifered in efficiency and modes of izilure.

Tze CRC water separometer, 2 bench-scale apparatus, gave 2
enerzl correlation with the single-element results. Interaction of addi-
tives with fuel constituenis caused difficulty in early work, but otaerwise
ne separometer repeatability was satisfactory. Prelimirary work on a

reierence fluid indicated that an "odorless solvent™ may b2 suiiatle.
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I. INTRODUCTION

In recent years the (leaniiness of a2ircraft fuel has become 2 major
concern of both military and commercial consumers. Aircrait gas-turbine
engines are particelarly sensitive to fuel contamination because of the pre-
cisior fuel systems used by these engines. Further, fuel system {reeze:ps
cceused by water have become 2 major problem as ilight altitudes are ircreased
Jet fucls are relativery difficult to decontaminate (compared to gasoiine}
because of higher density and viscosity. Various types of filter-separators
are used in grouwnd fuel-handling fa.iiities to fiiter out solid contaminants and
to coalesce and separate water from the fuel. Although the designs and sizes
of such units vary widely, most modern fiiter-separator units are similar in
[2) the use of Fiberglas elements for filtering out solids and coalescing water,
and (b) the presence of some type of barrier material as 2 "second s.age’ or
“'separator, " to prevent carryover of water droplets.

it has been observed that some corrosion inhibitors used in je: fuels
can impair the operaticn of such filter-separater units. These corresion
ichibitors, which are governed by the specification MIL-1-25017, were iniro-
duced several years ayo for mitigating pipeiine and eguipmeit corrosion.
“nfortunately, insufficient attention was given to their effects on fuei-handling
reperties. The only control cn emulsifying properties of the inhibiters was
he relatively simple “interaction with nater™ test, which proved to be completely
inadequate to predict the detrimental offects shown by many corrosion inhibitsrs.

Since commoniy used corrosion inhibitors are surface-active materials, their
passible undssirable effects include promotion of emulsions, dispersion of
solids, reduction of interfaciai tension, and aggravation of the plugginyg icndzudy
of filter elements.

In .>2nnection with these and assocliicd problems, Southwest Researcn
Instituze under Air Force sponsorship has been engagad in an evaluation of the
effect of additives on the periormance »f filter-sepacators. A test fa.ility wae
constructed and small-scale housings were designed to simulate Ju.i flows and
velocities typical of full-scale eguipment. The elements of five manufaciurers
were incieded in the program. Tests at standardized ~oaditions Lave been con-
ducted using ti-=2 varicus MIL-I-25Ci7 corrosion inhibitcrs and several test dusts.

To meet the need for a smali-scale test 1o evzluate and screen fuels and
additives for water-separating characteristics, 2 test apparatus was designed
2t the Naval Research Laboratory and developed through CRC joint action. This
apparatus is now available commercially as the "CRC Water S=parometsr.”

Manuscript released by a2uthors June 30, 1961 for publication as an ASD
Technical Report.




Results a:c presented in this report on the initial operation ci one of these
units, including studies of test repeatability and degree of correlation with
the single-element filier-separator test results.
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This frel is an untreated straigh:- run distillat~ from sweet cruce;
weciion data are thown in Table I. A portion of this fzel was provided
for use 1in CRC preograms under the designziion RAF 151-60.
3P-4 was prepared by Ash:and Oil and Reiining
Company fo ngle-element testing. Inspection daiz on this fue: zre
2:1s0 given in Ta This fuel coniorms to JP-4 specifications in all
respecis; den azromatics coatent are near the maximum linits.

In addition to the Howell JP-4, secveral other fuels werse veed in the

separomeier iesis, a2s follows

Commercial zircrafi turtine fuse: {Es550)
Sov:sol 33 {(Socony Mobil

WS-3730 [Fssn)

Saitrol 130 (Phitlips)

Bayol D (Esso)

HTF-27 {spec’al fuei, isopropyibicyciohexyl)

The fuel additives used in this program were as follows

h X Corrosion inhibiters, MIL-1-23017 {past

Code A thro

{12 additives) or present QPL}), maximum ailonable
conceniTation i or 20 ib/1000 bol

Cande O ental cumnmbnation edartive {anii-
AE:

aniirusij suppited by Navy AEL,
t 20 1b/i000 bb!

Anti-icing additive P55 M3, tested -
0.1% (vol)

Anti-icing adéitive (hexametayiene glycol);
tested at 9.5% {vcl)

The group of corrosion inhibitors included essentially all of those which had
been approved under MIL-3-23017 2t any time up ic the end --f this program,
including several whict had berr withdrawn. & should de noted that 2aimost
21! of the work in this program was done at "maximum 2llowabie ceacenira-
tion" as defined for each inhibitor in MiL-1-23017. The fea tesis run at dif-
ferent concentrations are specifically idexntified in this reper:.




{Supbdliers’ Daia)

owen(2) Zshlanz
Graviwy, *API 50.2 2.7
R. V. &, psi 2.95 2.3
Existent gum, mg/102 m! 2. 0.2
Poieniial gem, mga/100 mi 0.2 3.9
Aromatics, FiA, 5 121 2.0
Ciefins, Fis, % 0.76 3.5
Suvifur, 102!, % ¢ D37 n_03
Sclicr. mercasian, % Nl 2.001-
Dcctor est Sweet Sweet
Distillatien, ASTM D3¢
B2, °F 139 150
10%, °F 198 245
% at 290°F 50 30
% a2t 370°F 730} 75
“» at 200°F 80 90.5
% et 270°F 23(b) 98.5
rBP, °F 505 172
Residue, 5 1.3 1.0
Loss, % 0.7 0.5
Freezxing poini, °F -78 -80-
Aniline-gravity coastant 5000 5285
SmoXke point, mm 22 i8
Smoxs -1l2tilily index 23.0 55.8
Copper strip corrosion No. i 1A
Water reaction test
Volume change, ml -- - -
Interface rating L 1
Thermal stabilizy
AP, "Hs -- 0.1
Frenteater rating -- 1
IFT, dynes/cmlic? 2.8 2.2

{2} A porticn of this fuel was set aside for use in the CRC witcr separs-
meicr program under designation RAF 151-50.

{b) interpolated from distillation datz.

{c} SwRi results on samples from storage tank.

L
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A reiatively miner amount of work was done cn Additives O, P, and
Q. Additive O was ircluded as a2 "bad" materizi for =z baseline in corre 2ting
the singic-eiement ané separomaiar tests, Additives F and Q were included
in 2 few sepazrometer runs as 2 metter of interesi.

Thée corrosion inhibitors were checked {in Guif Coast JP-4 5t the
maximum allowable concentration) for "water reaction test as regurrea by
e fuel specification MIL-I-5622E. Tre results of teese evaluations, zs
shown in Table 2, indicate that the pr=sence of the inkibitors at maximum

conceniration had 2lmost no effect on the waier reaction ratings.
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FFECT OF CORROSION INHIBITORS
ON WATER REACTION

Galf Coast jP -2 frel

Water Reaction Test(d)
Interface

Adgditive(2) Rating

1

(2) Afsximum a2llowable concenirations per Mil-i-25017.
{o) Using phosphate buifer, pH = 7.
{c) Interiface was ciean, however, drops of water remazined on cylinder.
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Test Stand

The test facil.ay construcied for this project, shown schemai-
icelly in Figure 1, consisis of 2 fuel reservoir, iest fiiter, and circulating

pump, dlus the necessary ecuipment for metering feel flow, injecting water
zndé solids, and measuring fvel iemperatures and pressures.

The tuel reservoir is 2 truck-mcounted 590-gallen aieminem
ank connecied 10 the test sysiem by rubber heses, sc that iresh fuel can be
‘rom ihe fuel storage area io the test area for each tesi. A phoio-

{ the test facility with the fuel reservoir in operaiing position is

P

“n s o

n Figure 2.
The test stand components sa ithe influent side of tie test fil-
ter are shoan in Figure 3. These include ihe water motering sysiem, main
fuel ump, keati exchangers, fuel flowmeter, line screen for emulsifying the
water, dust feeder, dust-fuel! mixing bozl, dust injection pumnp, influent sizht
glass, infleent sampier, and ihe necessary plumbing and contrel vaives. A
iest filier and the efilueni-side components of the test stand are shown in Fig-
vre <. These include the eiflvent sampler, effiuent sight glass, or.fice-type
fuel :lowmeter, manomeiers, and the associaied plumbing and control valves.
All piping is 2leminum, and the fuel system is entirely nonferrous except ihe
case of the main fuel circulating pump.

Mary of the test-stand components are standard items and do
ast reguire further commeni. The main fuel circulatling pump is 2 rotary
tvpe with internal bypass for pressure comiroi, rated at 40 gom at 39 psi.
The dust feeding and injecting system coasisis of 2 ratchet-type variadle-
speed drive on 2n auger fecding dust o ixe mixing bowl; accur-cv ¢ Sast
feed is = 10% over the range of 1 to 29 g/min. Fiel is drawm into the Sust
mixing bowl and the fuel-dust mixtere is injecied inio ike main fizel line by
2 helical-screw {rubber stator) pump of the Moyno type.

& light meter was designed and insialled o the effiuent sight
glass, 2« showr in Figures 5 ané 6. The instrument is mounted with the
lamp and "solar cell™ on opposite faces of 1he effivent sight gluss, solids
or water in the fuel stream cut down the light transmitiance and hence the
«atput of the celi.  The input to the ilamp is comirolled by a <enrizni-valiage
transiormer throm.zh 2 o. 5-volt stepdowxn iransiormer. The sclar cell cut-
put is measured by a miliivoltmetsr, the emf having proved to ke 2 morz

TR benbia el b
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TEST FILTER AND BEFFLURENT . SIDE COMPONEN'TS

FIGURE 4.
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sensitive indicator than the current output. This light meter was used in ali
except the earliest part of the program, and was found to be a reliable and
sensitive 1astrument for detecting filier failure {(«.ontamination in the eifluent
stream). The light meter was built from stock componcnts, and was inzxpen-
sive and easy to assemble. Operating experience was very satisfactory; ne
recalibration, clearing, nor any iype of servicing was required in some 100
tesis in which the meter was used.

Filter-Separator Housings and Elements

in order to provide a representative grougp of filter-separators
ior this program, design cate and other information were solicited from var-
1dus manefacterers of 300- and 600-gpm fixed units of the type used in Air
Force ground installations. It should be pointed out that most of t:ess fuli-
scale units aniedate the use of corrosion-inkibited fuel in qualification testing
of filter-separators, therefore, 10 reprecsertations were made by *he manu-
faciurers a2s to performarce of the units on such additive-containing fuels.

Five filter-separators were selected as representative of the
-ather =:dely different types being used. Element and housing design are not
discussed in detail in this repori because of proprietary restrictions. However,
it is pertinent to noie that the five units included one horizontal configuration
and three -lLfferent types of vertical configeration. These configurations will be
iscussed in more detail in considering the question of the single-eiement

scaledowns. The single-element units are identified in this report as Test Fil-

ters 1 - V.

The elemoents used in this program were in all cases the full-size
clemenis supplied commercially by the various menufacturers for use in their
respeciive {filter-separator units. Although the elements differed rather wideiy
i éesign, a common feature was the use of Fiberglas in the 1--incipal filiering
and water-coalescing element. The Fiherclas was fabricated in a variety of
torms, including (a2} predensified and bonded washer-shaped Fiberglas blocks
stacked and end-compressed in assembly, (b) bonded Fiberglas sheets wound
in tension around a2 rigid core of expanded metal or similar materi~?, ic) this
bonded Fiberglas sheets accordion-pleated before winding, and in on« case
{d) coarse unbonded Fiberglas sheet used for preliminary filiration. In 2kl
cases the flow in these particulrr {intering-coalescing elemments was inside-out.
The external surfaces of the various elements were iabric andfor perforated
metai. Some of the elements inciuded interior windings of fabric or paper, and
one of the element types included 2 perous bronze inseri.

in the designs under consideration the function vi 2 final barrier
oT water separator was performed by a variety of arrangemen®s. including
t.) a fadbric shroud surrounding the filler-coalescer clement, {3} an individual
separator elemeni made of treated accordien-pleated paper, ana {c} 2 fine
plasiic screen




it is pertinernt {0 note that the configurations and elements
included 1n this program did not include any conforming to the new DOD
filter-separator specification, in which the f{ilter-coalescer e
certain standard dimensions and is surrounded by a Teflon-ireated metal
screen which serves a2s a separator. At the time of choosing the filter-
separator units “or this study, elements and design data for the new DCD

lement has

uniis were not readily available.

Tre four general configurations of e scaled-down uniis are
shown in Figurz 7 {of the five units, two were of the same configurctien).
The rated flows for the units all fell within the range of 17 to 22 gpm. In
the ca2se of the horizontal-configuration unit it was necessary to use 2
three-clemen: dasign to f2il within this range of flowrates; fcr coavenience
in rerminoalogy, this unit is included in the generzl class of “singla-element™
units. The eiement flow ratings are those furnished by the respective man-
ufacturers. In the units with individual separator elements (vertical side-
by-side and vert cal suspended configurations), it was found that in eack
case the manufzcturer’s rated flow for the separator element was greater

ior the cozlescer (3.e., the full-scale unit used fewer separztors than
in the single-eiement units the mismatches were corrected by

ortion of each separator eiement surface with 2 resin coating.

In addition to the rated flow per element, the other quaniity
ept constant in the scaledowns was “maximum axial velocity, ™ defined s
he maximum fuel velocity component paraliel to the major axis of the fl-
er 2lements. This velocity was calcalated for each oi the full-scale units,
with due allowance for the cress-seciional zrea occupied by the elements,
pipes, and other iniernz! members, and the scaled-down units were designed
for the same veilocity. Tiis maximum axia}l velocity ranged from 0.25 to

0.38 ft/sec.

Designing on the basis of maximum axial velocity was not pos-
sibie in the case of the vertical side-by-side configurat:on, since the major
velocity compenent is not axial. In this single-elemeant unit the case was
designed so thai the perceniage of tne cross-sectional area occ.:vic@ by the
elements was the same as in the full-scale unit; further, the reiative posi-
tioning of the elements was similar in the small and large units.

- &g

The unit configurations and scaledown design procedurss have
been discussed in seme detzil because of the questicn that always exists as
to0 the validity of resuits obtained in scaled-down units. It is recognized that
no single-element unit can duglicaiz the rather complex condi tons of cper-
ation of typical full-scale filier-separaiors. However, it is beljeved that the
careful design of the small units in this program has eliminated most of the
possible sources of discrepancies, and that the rcsults proviae 2 valid com-
parison of fuel and additive behavisr in 2 representative group of filter-

separators.
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B. Test Procedure and Rating Methods

The basic test sequence used in the single-element filter efficiency
tests consisted of the folluwing:

{1) The element pressuvre drop and water-separating character-
istics were checked on clean ndditive-free fuel at flow rates
up to 150% rated capacity, injecting 0.5% water into the influ-
ent fuel stream. This preliminary check served to weed out
defective elements. %

(2) The additive was blended into the fuel by circulating through
the bypass system.

(3)  The filter e2fficiency test was run, injecting the desired amounts
of water and/or test dust.

{4) The used filter was rechecked for pressure drop and water sep-
ation at various flow rates, ¥%*

Three difierent types of solid contaminants were used in this program:
(1) Standard coarse A/C test dust
(2) Red iron oxide (Fe;0O3), Fisher I-116
(3) Black iron oxide (Fe304), Chemical Commerce No. 105

The particle size distributions of these materials are as required in various
filter-separator specifications. The red iron oxide is considerably finer than
the other two contaminants; most of the red iron oxide is below 1 micron,
whereas the other contaminants range up to 100 or 200 microns.

The major portion of the program was based on two-hour filter effi-
ciency tests with continuous injection of 0. 5% water and 272 mg/gal of A/C

*Very few defective elements were encountered except early in the pro-
gram, when a high percentage of rejects was found in the elements nf
one manufacturer. Subsequent lots of these elements were satisfactory,

#%The used filter was checked at rated flow and at higher or lower flow,
depending on whether the filter was functioning satisfactorily at the end
of the test. Within the limits of flow variation possiblé in tho systein
(from 10 to 40 gpm) no changes were ever effected in the final filter
performance.
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cdust mio the influent fuel siream. This is one of the tsst sequences specified
in MIL-F-26678A (USAT) and in earher {ilter-scparator specifications. How-
ever, it should be emphasized that this program uas no’ concerazd with rating
filters a2ccording to any given specificaticn; ti = proce. .:s and rating levels
of ke filter-separztor specificai*ons meresly served as a convenient basis for
comparing fuels and additives. Along this line, it may be noted that the maxi-
mum soiids permitied in the effluent by MIL-F-26678a (USAF), 0.7 mgliiter,
w2s used 25 2 go-no-go rating basis in the entire program. The situatisn on
waier conient of the <ffluent was somewhat more complicated, 2s will ba gis-
cussed *ater.
ax the effl_ent siream were aken 2t 0, 00, and 120 minutes.
The initia! sample represenied the eifluent siream after conditiens had sta-
bilized {zbo 1 two minutes afier starting to inject the contaminznis into the
wniluent). e samples were analyzed for solids content (0. 8-micron Afilli-
pore iilir) and for water by the Karl Fischer method. Samples of the clean
fuei beiore test, with and xithori additive, were drawn for detern:zining iater-
fac:al tensicn, which was run by the sitandard SSTAM method with 3 platinum
A sampie of the clean fuel before test, containing additive, was drawn
T determiraion of weter (onient after saturaiion (equilibrivm ¢ ssolved
ter coniem! by the Xarl Fischer methodé. The interfacial tension and water-
turation éetermin2tions were discontinued after suificient data nad been
cumuiated.

Readings on the iight eter in the eiffluvent stream {or visual ratings
in earliest iests) were recorced every !5 minutes. The light metler reading

was 35-36 mv with clean fuel before the siari of the test, either with or

without additive. The presence of either free water or appreciadie solids in
the effluent caused 2 sharp drop of the light micicr readings.

The pressure drop across the test filter was recorded every 13 mia-
uies, and the element pressure drop was iocund by deducting 2 precdetermined
correciion factor for the housing a2né fittings. Only the element pressare
Crops 2rs coasidered in this report. eca2use of sguipment limuwatics, ele-
ment pressure ¢rops of more than 35-I07 Hg could not b2 determined. In
te=t> uwhere severe filter plugging was observed, the test was vsuaily shat
doun when the pressure drop reacked this level, in some cases the manom-
etzr was shu? off from the sysiem in order 1o completz the last few minutes
of the tes: pericd.

The ests with reé iron oxide were concducted at an injestion rate of
286 mg/gallon, with a tesi duration of 70 minutes. This corr-sponds o2
*cizl solids loading oa the elemen: of 20 times the gom raling c{ the ele-
men:. Efflcent samples were taken at 9, 30, 2ad 70 minutes. In a few iastan-
ces tests were coatinued to 120 minutes, bat 2il ratings were based on tke
TG munate meriod.  Dry-fuel tests wrih red iron oxide were conducteé with
direci injeciion of the oxide through the same syzicm used in feeding the AT
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dusi. In the wet-:iuel tests ua red iron ox de, 0.5% water was injected contio-
uously, and the iron oxide was injected in the form of a slurry consisting of
equal voiumes of fnel and waeter loaded with 9. 75 1b of iron oxide per gallen

of fuel-water mixiure. Slurry of these proportions has been standard in Navy
filter-separator testing for some years, 2nd is being used in the new DOD
ilier-separator specification. Awempis 10 mix such 2 slurry based on JP-4£
fuel in 2 Waring blender srowed tha: the slurry was unstabie, settling ozt 2
clean aqueous phase in 17 to 20 minutes. By repiacing 25% of the JP-2£ with
Bayoi D, giving a fuel viscosity 2bout equal to that of keroscre, the slurry
stabiiity was increzsed to about T hours. This formula was vsed in 21l single-
element tests on red iron oxide plus water, recirculating the mixture with

2n ordmary rotary pump 10 form the siurry and then injecting it into the fil-
ter-separatcr test ioop in exacily ithe same way as was done for éry cast.

Single-element iests with the black iron oxide were periormsd with
dry fusl only. Tke oxide was added in the praportion of 285 mg/gal for a
test period of 210 minuies, corresponding to 2 solids lozding {in grams)
of 60 times th= gpm rating of the filter eizment.

C. Results znéd Discussion

Lieht Aleter Ratines

Before praceeding with 2 discussion of the experimeniai results,
it 1s necessary 1o consider the interrelationsmp of eiffiuent solids content,
waler conient, and clariiy or light meier reading.

t was noied that in the tests with A7 C éust 2 soiids content of
more thea 0.7 mg/iliter in the efflzent invarsiably caused visible clouding and
light meter readings ranging from 0 to 22 mv {clean fzel gives 33-36 mv)
Similarly, effivents having nater contenis far in caless of iheir respeciive
saturetzon vaiues invariably gave clouding ang low iight meier readings.
Howeve ™, the converse is nol irue- AMany runs showed very ésfinite clouding,
but neither high solids nor water ¢t -~is zbove the saturation vaise: Exam-
ples of such indiridual d2:2 points ere 2s foliows:

v ater
Test Solids, Waer. Saim, iighn:
Time, min mefliter oom Pt afeter, mv

32
25
20

[T~ - ]
1] [] []
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Cloudy (3 min)
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Thus, It can be seen that solids and water determinations alone did not
shos whether the filter-separzior was giving clear efflueni. In these tests
many of the water <ontents nere far below the equilibrium saiuration valce
and the solids contents were low, yet the efiluents were cloudy anc the
er readings showed definite dacreases from the initial values of
mv. It appsars probable that water saturaijon of the fuel is not attzined

:itha: the reiatively short residence time of the fuel Detween water injection
ané nater separaiion. ¥ Then, in ihe event of substandard filter-separator
periormance, the effluent may consist of iree water suspenced in undersatu-
r2ied fuel, the total water conient being below the corresponcéing saturation
value. If this is the case,- then eff’uent clarity is 2 more important critenion
than total nater content, eifluent clcuding is a2 direct indication of ihe passage
of irece water, which presumably woulc also pass the element if the iue: were
water-saturated. Since the latter condition may well prevail in field opera-
tion, it appears that the filter-sepdarator shouzld be raguired to remove all
iree water ai any and all conditions of initial saturation of the fue?, and thus
give clear efflzent. Ailtheugh our Cata are not sufiicizently detziled io resolve
this question, the evidence 2ppears firm enough to warrant the use of eific-
ent clariiv rather than water content a2s the primary rating for the tesis in
this orogram

A& further rustificatlion o, using ciiluent clarity as “he prunci-

pal criterien ¢ riormance in ihis program was the difficulty encuenirred

*Th:s phenomenon has been noted by others engaged 1n fiit2r- _eparator iest-
ing. The prodabilities of obtaining saturation are, of course, influenced by
the initial nater comient of the fuci, as well as by the degree of 2gitation
ard the lime of contadi. It is 10 be expecizd ihat in winter aparation the fued
=il be well beiow saturation as it enters the iest section. swuce it must be

warmed {rom ambient or sicrage temperature (o the 25t termoerature of
79-90°F. I 1s worthy of note tha: 21l of the dala in the preceding tadle were
taken irom icsu< Tun in the period {rom mid- November to mid-Ja-aary.
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with the Kar

1 Fischer analysis and n establishing reliabie waier saturation
values. This

Question is discussed in more deiail in the following section.
Before accepiing the light meter readings 2s the primary :ori-
terion cf filier-separator periormance, an analysis was made of some 149

dai2 poinis in tests in which A/C dust and water were injected. Deifining as
satisfactory 2 light meter reading of 35 or higher, solids 0.7 mg/liter or
bziow, and waler conient not more than 5> ppm above the saturation value,
iite 129 data points are distributed as follows:

Alezer OX, solids and wzter CK
Meter bad, solids and/or waler beel

-~
<
2

oz2l points of agreement

Toial poinis of disagreement

Of the ihree cases in which the meivr readings did not predict the excessive
solids or waier fcung by

2 by a2nalysis, one was explzinable on the basis of lack
oi precision of the aralytical cata (water centent by Rarl Fischer was 2 ppm

a2bove the saturation value, which may not be significant), and the other two
were ero-minuie sampies in winch il discrepancy Was real bul wos czused
by rapidly changing effluent guahiy and the slight time lag between meier
reading and sampling. Thus, it is believed that the meter is entirely reliable
x ceteciing effluent contaminaticn, i-e., no passage of excessive <olids or
{ree water can occur without a2 corresponding €rop of the light meter reading-
The analysis of the 22 cases of “meter bad, solids and water
{" 1s considerably more compalex, and w:ll nit Lo édiscussed in detail here.
we anl: . is Indizateq the following.
Soiids in the ran
the Taccepiable™ range

Some 27% of the meter bz

ngl/liter {the vpne
~ct the metes -r-

d, soliés and water O
were in the #.32-0.7 range of solids.

Zntrained air may have causeé few c£2si, of meter

deflection wiihout corresponding contamination. Versy
little difficulty was encountered with air entrainment in

the facility, a2nd when it dié occur it usevally could be iden-
tified as such.

it is possihie that liguid conlaminants, immiscible with
the juel, can be derived {rom additive-iuel-water




interaciion or irom ihs elemen:s ilemselves. Such con-

iaminanis could well be unceteciable by the sitandard

solids and water analyiical methods. This source of dis-

crepancy between meter readings znd aaaiviical 222 =us

suspected, especially in the case cf one additive. Howaver,

s nccurrence was random, ané could not be pinpomwnied. it
ch interpretation is correct, the meter
tirely valid criteria of fzilure.

et

-

possibiiity of undersaturated feel containing f-ee water
he-n discussed previcesly. 1t is believed that this phe-
accounts fcr rmost of the cases of discrepancies
eter rcadings and analytical data, aad that the
meier rezdings are the more valid criteria.
The usetuiness of the lighi mater in providing 2 cont:avous mon-
itoring check on eifluent quality may de illustratad by the aGata from 2 test on

- -

FP- £ fuel containing Additive H. in Test Filter 1V:

Light Water, pom Soligs,
Alinuies Clarity  Meter Sample tn  .nglliter

Clear 52 i0=
Ciear
Hazy
Cloudy
Cioudy
Cioudy
Cleudy
Cloucy
Cloudy
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t 2ppears that the 15-minute érop of ithe meter reading to 33 is sigrificant
in ingicaiing the oeginning ~f effluer: L uniamination. ta iron: oiner tests
have indicated that 2 two-point érop irom the "clean-fuel™ reading o1 33-35
ndicaies slight contamination, and s almost invariadly {ollowed by further
decrease of meter reading and the appearance of gross coatamination.

In view of the reliability anc cperational advantaszes of the light
meier, ihe readings were used as one of the primary criteriz of performance
in the filter-separator tesis.

% aie: Analyses

Although it doss not appear periinent o discuss here the many

Giff cuities encountered nith water a2nalyses, scme mention should be mads
of atie:npdis that were madce 10 estadlish reliaole water saturativn values.

2>
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Using a standard saturation proccdure {siorage for 22 hours 2
water/fuel = 0.31) on samples of frel-additive dbiends withdraun
test system, ponr reprocucibility of rescits was obtained. For
using Additive X a: maximum conceniration in Guif Coast JP-4£, values of
129, 120, 103, 102, and 85 ppm were obizined for the saturation water con-
tents. Since the samples were cbiained from different {ilter tests . the spread
<iis 15 net, siriciiy speaking, 2 measure of the repeazabzu-y of the
-saturation ceterminaticn. One direct stuéy of repeatability was per-
formed on a differen” additive (H) in the same fvel, using 2 single baich of
fuel-additiie biend ané sarurating individeai samples by the standard proce-
1re and with varying storage times and water-fuel ratios. Tke eight deter-

minaiions shoued no sigaificant effect of saiurai:on variables; the average of
the determinaticas uas 838 pom, with a standaré deviation of § ppm 2nd max-
immum deviation of € ppm.  Thus, the unceriainiy ia the water-saturation val-
wes nas (onsiderabir more than the 5 ppm used 25 2 criterion in filter-
separator performance ratings {requirem=nt thai efflc :nt water content de

no more thzn 5 ppm above the saturaiion value).

Some siudies were made of another method >f saivration, in
whizh the fvel is shaken uith water, setiled brielly, and sampled by with-
drawal through 2 Alillipore filier disc. Apart from practical difficulties
caused by slow withdrawai rates, the method was hamperecé by the {orma-
120n cf lacy emulsion or scum, which introduced uncertainties 2s 10 the
amocuni of additive adsorbed 2t the interface. It was found that water sato-
ration vaiues deiermined by this met..od were usually 50 to 65% of those
Ceterramed by siaiir saturaiion.

it is believed that most of the cifficulty in obtzining reliable
water-saturation vaiues was occasioned by ihe meihod of water analysis.
Much of the uicerizinty in Karl Fischer water determinations on additive-
contaming fuels siems from a lack of knowledae of (ke behavicr of the aédi-
tives 1= **~ Harl Fischer iliratien. Tht :zrrosion inhibiters zre probabiv
Dreseni 1 amounis 2bove their respaciwve critical micelle concentrations,
this has bsen demonstraiec for cae corrosion inhibitor in this grouy by
Perel and Reifenberg. ® L is considered that the wxaizr “dissoived™ ia 2
fuel conlaining such an additiwve is held a2t least partly in the interior of the
acditive micelles. It appears somewhat doubtful v:net)‘er such water will
e deiermined quantitatively in the Karl Fischer nuitration. Frvrther uncer-
tainiles are introduced by the presence of cther conieminzais :n the fuel,

2Perei, J. M. and Reifenberg, G. H., "Reszarch and Davelocment on the

Surface Active Behavior of Rus: Inhibitor 'Santolene C' in JP-35 Jet Fuel.

Ala2 .-i ! 12b, N. Y. Naval Shipyard, Lab. Project 5319-20, Final! Repori
. April 23, 19358.




In the case of iron oxide

[1g r}

Although al! of the obrious sources of error in the Karl Fischer
titration were correcied and great care was observed in standardizing the
procedare, w2 were not zble to approach the 1. 25 ppm zccuracy which is
necessary if water contenis relative to saturation vaive zTe to be accepizd zs
a primary criterion of filter-separatcr performance. It will be noied that
errors in the Karl Fischer deiermination affect both the saturation valuz and
the water content found for the effiuent, so that it is necessacy to have the
=1. 25 ppm accuracy to guarantee the 5 ppm spread cited in filter-separaior
specificaiicns as the allowable excess of eifiuent water content zdove the sat-
uraticn value.

Some work was done in 2itempts io improve ie “hnigu~s in bhan-
dling the eifluent samples 2rawmn trom the rig. The normal procedare used
in our program i3 more or less standard for such work: Dried glass botiles
with plastic-lined caps 2re vsed: the bottles and any giassware used in irans-
{er are rinsed twice with the test fuel before use. Since opinions have been
expressed that this rinsing 1s not suiiicient to ecuilibrate the glass surizces
with respect 1o the water content of il frel, the use of poivethylene bottles
was investigated briefly. It was concluded that nonequiiibration, if 2 factor
22 all, was an insignificant part of the deviations being encountered.

Although the water .n2ivses and the water saturation values in
the later stages of the prog—>m were improved by generzl improvement of
technigues, they are stii:r r ol considered as sufficiently reliable 25 2 primary
standard in rating the f{ilier-separator tests.

3. Test Results Using A7/C Dust and Warer in Gulf Coast JP-=2 Fel

In view of the extremely large volume >f daita generaied im ihis
rogram, the resulis are nresente? o-ly in the form of a summary {Tabie 3.
t will be noted from Table 3 that 21f of the i=2sts oo additive-free :uel i Test
Filters I - IV¥) showed satisiaciory performance. Test Filter ¥V was not
checked on additive free fuel, since it had demonsirated satisfactory per-
formance on some of the adgitives.

Test Fiiter I was in generzl characierized by high element
pressure drop in scveral of the tesis exceeding the limit of 3+ Hg. The tests
on three a2dditives {G H, and O) wa2rg t=rminated early beczuse of excessive
pressure drop. The excessive pressure drop for Additive G was not typical
of its iests in other test fiiters. In the case of Additive O, r. crmparativ
data are available; this additive wus included for 2 single filter-separator
run simply 2s 2 bad-performance haseline for other small-scale tests
Zescribed later in this report. In ine case of Additive H, the glugging behavior

2
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when run with A7C dust and water was typical for all of the element types,
fuur out of the five showing excessive pressure drops. This additive was
2lso run in Test Filter I with the standard 0.5% water but without test dust.
Very lutzle pressure drop was obtained, indicating that ihe plugging behavier
cf Additive H is occasioned by additive-dust interaction.

Thke resuits with Test Filter Il include2d duplicate testl .1 three
addtives, all of which showed good repeatability. The two tests on Additive
C both showed 2 cloud-clear sequence. In the one test the cloud appeared at
once, so that the zero-minute sample showed excessive water and sods, in
the other test, the cloud was delayed uriil 2lter five minutes haé passed, so
that the zero-minute sample did not detect the coniamination present later.
Both tests on Additive H showzc the excessive plugging typical of itis addi-
tive, ard were in exceilent agresment on solids content and period of clogging.
inczdenzaiig, Additive H was the only "plugger” in Test Filter Ii. The two texzt
on Additive J zzve almost identical check results with respec: o pressuare
drop, solids. and period of cloiding, and botk tests shawed =z zysive water
soniinl 1o oo the svurce of the ciouding. The resuits on Test Filizar il were
obtained befrre thc instailation of the iight mezer.

s

The resulis with Test Filter III showed that most of the addis
Interfered sericesly with its funciioning, oniy Additives B and T gave good or
marginal resulis. 1. the initizl tests on shese «ddiiives, the eifiuents showed
so- haze during the j»st haif of each tesi, aithough no free water or exces-
sive sclids were detected Ly analysis. As discussed previously, this behavior
is attributed to "undersztx.ra"on of the fuel. Additive E in a repeat tes?
showed satisfarctory performance

In the case of Test Filter IV the only itwo additives giving satis-
faciory or marginal ratings weare £ and M. Tais test filter was the only unit
which handled Additive H without 2xcessive pressure drop, however, in hoth
tests on this additive, the soiids contents of the eifluents were excessive.

Test Filter ¥V was simuier to IV in that the best res=ults wcre
obtained with Additives E and N. The interpretation of the data on Addnives
D and F in Test Filter V was compiicateé by the presence of entrained zir,
since this unit had an inadeguate air-bleed system.

One point requiring some discussion is the cause of the effluent
ciouding observed with Additive C. This additive differs from the others in

that effluent clouding often occurred most markedly in the firsl few minutes of
the test, sometimes with markec improvement as the test progressed. Also,
the tests cn this additive had shown 2 ~arked tendency to give -Isudy cifluents
along wit> low water and solids conteals. As Liscussed previously, this could
indicate noneguilibration and nderszturation’ of the effivent. Howewver, it
appears that {or this parlicular additive the hypoihesis is not appiicable, in
view of the marked improverent oiften observed as the test progresses. A
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summaery of the tests on his odditive is given in Table £ It will be noted tha:
six out of the seven tests the clarity and/or water content of the sifluent
mproved 4s the 1=3t progre<sed. The water contents obszrved at 60 an2 12¢

..-

.

minutes were at or below the nominal saturation value of 123 ppm ir 21l tests
exrept 2 single test in Test Filter i, and the repeat test in this filter gave
iow water contents ihroughout. Although the reasons for tne erratic befavior
of this acditive are not at ail obvicus, it is suspectzd that 2 reaction between
the additve 2nd water and/or fuel impurities is responsibte. Statements have
been mmzde that this .dditive reacts quite diffe - rotly with different fuels. Xe
dzt2 =2re svailable from this program which . .ed any light ¢n such bekavier.
D some informaztion on the efiect of addilive concen-
e oi the corros;on mnimbitors were checked at minimum atlowadle
conceatraiion {per RMIL-1-22017) in Test Filter I. The inkibitors ware chosen
prés o1 :hose showing severe effects on ifilter-separatur per-
tormance when used 21 maximum concentrailon. I"':-e comparative resalls at

thz L 0 Lunice *t*a:io S are shown in Table 3. It will be cbserved that for
Additives J and K the "miaimum’™ results were 2s ba a2s the "maxiraum.”
However, ifor zhes additives the maximum and minimum concentrziions a2re
«iose together, ang this is reflecied in the relatively small :‘xi fereznce of inter-
facial teas:on betwezn the maximum and minimum concenirations. Add:itives
C, G, and H have minimum allowable concentrations a-iuch e 28 20 £0% of
the corresponding maximums in the flier tests on these adsditives at minimum

<oncentration ihe resu ts ware unguesiionably satisizctory. It will be reieg
tae (orrespondiny cnizrfacial tensions at minimum conceatraticns of these
three zdditives are ail close 1o 1hat >f the additive-free furel (about 20 éynes femi.

Trom curves of interfacial tension vs concextration on one of these additives,

1t wze evident ithat the critical miceiic concentraiisa feil between the msasximom
and minimum. R appe=rs probabdle that any additive coniormirg to this rela-
tionship will show major differences in the effecis o mmaximum and miaimem

conceniration on filter per:ormante.

The improved results on three ui the inhibiiors 2t minimum con-
ceniration riises the guestiivn of wheiner the major part of this catirs orogram,
which 15 based on maximum conceatrations, is at ail realistic. In fue: pro-
curements during ihe period when the use of corrosion inhibitors was required,
the minimum conceniration was most ireqiently used, the maximum teing used
onlvy 10 meet some delinite need (e.g., pipeiine prote-tion). This guesiion was
cdiscussed 2i scme length with personnel Lt ASD and cthers. It was generaily

zgreed that the specification limits, which in some cases allow 2 wide sa‘ead
elween minimum andé maximam ¢ Oncentrat.en, may te undesiizble, howeve
so long as these limits exisi, filter-separaior test work is otligegd 1o take
account of adriive periormancs 2t maximarm concentratian. Therefore, 21!
furlher single-element 1est woark was pericrmed at maximum additive conicen-
traticns, and ili subseguent Aiscussion 1s on this basis.
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in order i5 provide & condensed summary of the large voitme
of test results, 1t is necessary to make some rather arbitrary G=fiaitions
of satisiactory performance. Satisfactory solids retention is defined as less
than 9.7 mg/liter in the efilvent throughcut the rua. Satisfactory perform-
ance on water separation is cefined as the absence of any cioud (detected
by the light meter or visually) throughout the run; this is really z dou-
rg, since it reay be influenced by solids as well a5 by water. Water
contants of the eifluent 2re not used in the rating, since at best they are far
less sensitive ané accurate than the light meter 2ad viseal ratings. tis-
factory periormaace o= filier plugging is dafined as an element AP less than
3£7 Xz in a twe-hour test.
- Using these definitions, ratings have bren assignsd to each
lement-additive combination testeé with AfC dust, 2s shown in Table 6.
The over-all percentage of satisfzctory ratings is calculaied for each ele- -
ment and each inhibitor. The percentagc of satisfactory ratings ranged from
23% (Additive E) down to 13% (Additive H). The additive ratings ky the dif-
ferent criteria mav be compared more reacily by the follewingz tabulztion
showing the number of satisfaciery ratings {out of five possible) by each
criterion:

Number of Satisfactory Ratings
Soiids Eiffluent Fiiter
Adgitive Retenticn Cilouadine Pluegeain
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The comparative ratings of the fliters showed z considerable
spread by ecach oi the «riteria but less spread on over-zii ratings. Filter i
w2s the most satisfactory over-all, ! ard ¥V were rated egual But on the dasis
of different criteriz), and IV and 111 {ollowead in that order. it should be noied
thai the “over-21i" ratings should nat be taken too literally, since thers is no
maihematical sis for averaging the three indices into a singe rating.

The sar-e order was shown by the ratings of effivent clouding,
except that Filter ¥V was considerabiy less satlisfactory than I
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Ratings of sciids removal show, in general, an inverse rela-
tienchip; Filter 1, which was very effective in soiids removal, 2155 showed
2T the worst plugging behavior. Rating the elements on 2 lower AP value
would have emphasized this behavior. Although V was rated as high as Ion
solids removal, V¥ did no: show ihe plugging which might have been expecied.
Major ciffcrences in the diri-hoiding capacity of these filters are not 100 sur-

v £

P

Y

i-b
prising, ir view of the wide differences in element design and arrangereni.

Arranging the addiiives according to the number of satisiactory
2nces on efiluent clarity, the following orcer is observed (wicre half
to indicate margmnal test results):

LU RN IV

(O I I v I A

[l HA O S s W 8]
QO QO Q Q v wm (v v v \wh

Thus it is seen that only four out of the twelve corrosion inhid-

itors gave satisfactory effluent clarity in more than two of the test filters.
Xone of the additives exhibiied harmless effects in all five filter units, 2lthough
= given only one "marginal' rating for clcuding.

is noted that the performance ui inust additives in effluent
ding =l.ows 2 general reiationship wills uurrizcial tension. The data on

the foliowing page :llusirate the interrelationship between additive performance

nd the interiacial tension of the fuel »fler initial dbiending witnh ada:tiva, aiter
runaing for two hours in = standard filier efficiency test, and afte: itherongh
exiraction with water in 2 laboratory apparatus.® The data shown ir the fol-
iowing tabulaiion jor the "a2s-biended™ ancé "after-test™ sampies are averages
for 2 number of filter-separaior runs. Althorgh some deviations were noieé
among the IFT values I35 & ziven addilive in Giffere.t runs, tne cdeviations
were no: sufficient 10 a.ier the basic orcer shoxn in the tabriation, and there
was no significant relationship between filter type and IFT "after-test™ vaive.
it will b2 noted that the general relationship between periormance and IFT is

=200 ! samples of fuei-additive blends were extracied by dropwise perco-
lation of £ liters of water through the fuel.

36




- - . - .o . - < 15 3
marked by some notable exceptions. Additive N Is completely out of lae in
the "as-blencded” IFT ratings, the low value of 21 suggesting poor periorm
ance rather than the relatively good performance observed. Interestingly,

Interfacial Tension, dynzsjcm Number o
As After After Satisiactory
Additive  Blended Test Extraction Ziflueat Ratings
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ihis additive afier thorough sxtraction of the fuel-additive blend with wazer
gives an I¥T approaching that of clean fuei. Txe same sort of behavior

upon exiraciion was saowr by Additive B, indicaiing that moderate amounts
of water are insufficie .t to remove these additives, but that large amounts

of water prodably cause complete extraclicn. Aithough in the mmost general
sense t...s statemernt can apply 10 any additive, it is specific for Additives

B and X within the range of extraction conditions siugied here, which incluced
water-fue ! atios irom approxirnately 0.08 (in the :ilter tesis) to 20 (in the
izboralor, exiraciion).

Referring again tot

that Additive B i< a:nt af fine in the Its nighk values of IFT
Te& not characterisiic of the otk

Examining the valucs of IFT after thorough extraction, one may
generaiize that any additive which after thorough exiraction shows an IFT
below 20 {or iz fact below 30) is ap: to give very poor coalescer periorm-
ance. However, the converse is not true: & aigh IFT after c-’xra-‘vc—.. doss

-

not guaraniee good periormance, as is illusirated by the éata on Additive H-

The general relationship between IFT valves anu etiect on coa-
lescense was illisirated further by ihe data presented previously on five
zdditives at mayimum and minimem concentrations.




fiect of High- Aromatics Fuel

04 50 1 80 et § S as .“[

he special nigh-aromatics (24%) J2-2 fuel prepare by ssh-

- -

land was run with each of the corrosion inhibitors in Test Filter I, and with
three other test fiiters using Additive B only. The reseits of these iesis aze
listed in Tabie 7. A comparisca of these data with those obizined on the
Coast JP-4 {which contained 12% aromatics) shows that the 1we fucis gave
ver- similar results in effiuent Jlouding z2nd solids retention, but that iie
high-aromatics frel was significanily worse in filter plugging. This compar-
1son is iljustraied in Table 8.

5. 15 Using Iron Oxide Dusis

iron oxide (wet 2nd dry) 2ad black

These data are not a2s exiensive zs
of the corrosion inhibitors were eval-
inhiditors were

ifon oxide were confined to single tests with Aé

Te

Iz will be noted that the light meter was guite sensitive o the
esence O: 1T0n oxide in the ef"!uam, in ~ome cases detecting concentra-
1ons which were noi evident visuaily {e.g., in the tesi on Additive K on dry

sed iron oxicde in Test T

For ezse of comparison, the rasults are reducen to pass-fzil
ratinzs in Table 16. Only the solids retention raiings are shown, 2s thesc
2ppear to de the most significant. Incidentally, no eiffiuent clouding dre 0
water aas noied in «ny of the failing tests on wet reé iron oxice (slurrvl.
in aii instances where an effluent cloud was notss, the reddi<h color of ihe
«xide nre-“aminaied, and no excess water ~~iid be identified visvally.
Fischer determinelions on a fea of these samples
resulls, znd 11 was coacluéed that the presence of

ration.

P
N_2T:

gave exiremely variable
iron oxide was ‘nteriering

Considering first the tesis with édry red iron oxide in Test Fil-
te~ 13, it =w1ill te noted that satisfactory periormance was obtained with
additive-iree fuel znd with Acditives B, £, and H. It will bc recailed k2t
Additive Hn tests with & C dust plus waier gave excessive piugging in most
of t’ ~ filters, mclx.d.ng ii. With dry red iron oxide the unsatisfactory iests
n st Tilizr I included Additives C D, T, 2nd N; the las: trree of these

add iu—-cs haa Lecn satisfactory with A/C cust and water in this filter. The
fzilure on Additive T with red ircon oxide was very pronounces. angd it =2s
noted that the presence of this additive appareatly promoied dispersion of

the red iron oxide in the dust mixing system. The red iron oxide, althouz:
3 2 proncunced tendency toward aggregaticn of the particles,
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Additive

A/C test éust and water

Test
Filter

Satisfactory
Marginal
Unsatisfactory

CT GF FUEL TYPE ON FIiLTER-SEPARATOR
DPERFORMANCE

i High- Aromatics
1

&\

Sat

B

LR o e B o L BTN

+
L4

AR Ow

w

w

B

isiaciory

% Satisfaciory Cver-ail

Solids retenticn.
{b} Eifluvent clouding

{c} Filrer plugging.

{d) Saiisiactory prriormance up to time of coziescer ropture.
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TABLE 10. COMPARATIVE RATINGS OF ADDITIVE EFFECTS ON
FILTER PERFORMANCE WITH IRON OXIDE TEST DUSTS

Gulf Cocast JP-4 fuel
legend: S Satisfactory
M Marginal
U Unsatisfactory

Iron Oxade
Test Dust saditive

Red. déry None

AR Oow
gZzhaucauw

Red. wet {slurry)

At
U
U

{2} Unsausfactory with respect to filter plegging {pressure drop-.

PRI

[Riakauadit 41 3 TR TPR, 45




and it appears probabie that the relative peritormance of the various fuel
additives with the dry red iron exide is mversely related to their ability
to ¢isperse the aggregates.

in comparing Test Filter II with the other {ilters on dry red
oxide, the very limited data indicate that the additives handled success-
- by 11 iB, E, ani H} can cause difficulty in other types of filiers.

In tie tesis using wet red iron oxide {slurry) in additive-free
fuel, one bad test was obtamed with Test Filter 11, hut the repeat tes” was
saiisfactory. Tes: Filters I, 11}, and IV handled the additive-iree fuel suc-
cessiully, zlihough relatively high pressure drops were noted {Table 9). i
ihe three insiances where additi ve-containing fueis were run with slurry,
failures were noted. Aithough these data are very limited, they do point out
the extremely adverse «ifest in “slurry” tests of one additive (B) which did

not cause difficuliy in the éry recd iron oxide tests on the same fiitcrs (I and
11).

The two tes's with dry black iron oxide using Additive B showed
reasonabdly geod performance, except that in Test Fiiter I the run had to be
terminated a2t 195 minutes because of excessive pressure drop. The run in
Test Filter il was entirely satisfzciory. These two rins were made princi-
paily 1o obta:n particie -ount daia on effluents with this particular conitam-
wnani. :ioweier, it was fowad the Millipore {ilters used for the counting
coniained a2 corsiderable amsunt ;z’ the red iron oaide, evidently remaining
in the system irom pre.icus 1esis. Sine.- it was difficuli to distinguish
between the 1wo types o) pa-ticles in the microscopic examination, it was
impossible io obiain & valid count on the black oxide.




[V CRC WATER SEPAROMETER

A Test Equipment

The CRC water separometer is a small-scale rig for comparing tuels
and additives as to ezse of coalescence of dispersed water. The basic design
of the apparatus was worked out at the Naval Research Laboratory*, and the
standard rigs have been built by Emcee Electronics, Claymont, Delaware. A
photograph of the control panel and coalescing and settling section is shown ia
Figure 8, and a flow diagram is shown in Figure 9.

In operation of this rig, a fuel-water emulsion, formeaed by recirculat-
ing through a pressure relief valve, is metered through a coalescing section
which consisis of a pair of small Fiberglas discs, compresscd to constant
volume, with 1.0 cm? effective cross-sectional area. Coalesced water falls
out in a small glass settling chamber, and the fuel effluent passes through a
light cell (turbidimeter) where any emulsified or suspended water is detected
by its effect on light transmittanca.

Several modifications of the original apparatus have been made; these
have been coordinated by the CRC Water Separometer Panel of the CRC-
Aviation Group on Jet Fuel Icing Problems, in order to keep all of the rigs
standard. These changes will not be discussed in detail here. However, men-
tion should be made of the problems encountered with fuel cooling; neither the
in-line cooler originally furnished with the unit nor the use of an additional
cooling coil around the fuel tank proved adequate to maintain the desired 75-
85°F range under summer conditions. It was found necessary to operate the
equipment in an air-conditioned room.

Mention should also be made of the standardization of the coalescer
discs, which was found neccssary since the weight of the discs (¢nd hence
their density when compressed to a constant volume) has a marked infiuence
on coalescing ability. The discs are now standardized by measurement of air
permeability, with pressure-drop limits of 15.5 to 19 5 cm water on the fine
discs and 2 0 t¢ 3 2 cm water on the coarse discs, at an air 1low of 8 liters/

min

#Krynitsky., J. A and Garrett, W. D., "Development of thc Wnter Separ-
ometer,'" NRL Memorandum Report 1105, October 1960 (int:crim report).
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B. Test ?r_‘oi:gdax‘e_—

The over-21l operating procedure has beer: outlined by the CRCV
2nd the tests in the SwRI prograin hate folle=cd kis cutlize éxcept::0; ":;[ <
changes in flushiag procedares which will be &scuss,ec} 1atgr. The follo\nng

is a sumnroary of the standa¥d procedure.

Stariing with 2 clean rig, iiushed with Bayol D, new ccalescer ele- =
ments are instalied and tE< entire system: is flushed ®ith 250 ml ofi: 'c:t'fuel.
The turbidimeter (ligit meter) is set to 100 during this perxoc. 'Ihe relxei’ )
valve Is 5ot i maint2in 08 psi puma pressure.  Two liters of preletgxgé.gg;i
fcel 2re poured into the taak, and 1% (20 ml) of distilled water is added wkilc
recirculating for five mirutes 1 form the e +lsion. This mixture is tien:
metered through the cozlescer ai 2 set schegule of incréasing flow rates; two-
sckedules have been used, as follows: N

i~

L

oy N R
who s basnden Yo ar Vi ben §

Flow Rate o _ _Minutes

rmi/min Original Revised 5

22 -- 19

38 16 7 i =

30 T 5 i:

50 5 1 1

70 1 3 3

oo 3 3 SE

110 2.5 2.5

Turbidimetar readings are taken at the end of each period and averzged to E
obiain & comaparaiive rating on the fuel or fuel-additive blend. %
-

In the standard cieanup procedare the system is washed with a total B

of 1000 m) of 29% isopropanoi in four or five portions. After the final iso- :
propanol flusk, the settling cliambe:x end iight cell afe drained, *he coiles-
cer is removeéd from the system, 2nd 2 jumper Mos Iz ingtalisd. Yhe ""‘ "“‘..g L j;
procesare is then repeated with a totai of 1090 ml of Bayol D. The goale;cer .5

housing Iclezned separately) is fitted with new clemen:s and installed for the
rexi tesi. -

4

2 %5t e A i

This siandard flusking srocedure leaves an aporeciable amount-of
resideal solvent in the lines. For example, it was determine:? that afier the
fin2! iscprapanal flush the fivid in the recirculating lines still contained more
thar 0. 5% o1 the fuel from the preceding tesi, and ptescmabxv x compavab!e
holdover of isopropancl carries through the subsequent Bayol o Stushes.
Actsally, some 2500 ml of flushing liquid, in multiple fluskes, is necessary
1o recduce the conteat of the preceding fluid 1o below 8. 05%. i
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Considerable effort was expended in attempts to improve the flusi ‘ng
procedure, since it was suspected that residual solvents would have a sig-
nificant and variable effect on test results. This work will not be discussed
in detail. since it was subsequently determined that other factors were tar
more significant in test results. The principal alternate flushing procedure
which was ased consisted of the use of water followed by benzene.

C. Tesi Results and Discussion

1 Test Repeatability Studies

Of the more than three hundred tests run in the SwRI program,
the majority were concerned with test repeatability. Only the majcr findings
will be discussed here.

Work was started un the separometer by a series of shakedown
runs, fcllowed by . round of couperative testing with the CRC subpanrel. Then
a second round of festing was initiated with graded coalescer elements as dis-
cussed previously; a few other relatively minor changes of equipment and pro-
cedure were inlroduced

Initial testing at SwWR! under these new conditions showed a star-
tling increase of scparometer ratings. In particular, Additive K, which had
been rated at about 30 in the first CRC subpanel program, now gave an average
rating of 79 in four tests at SWRI. Subsequent investigation at SwRI revealed
a major problem in repeatability on this additive, with results ranging from
32 to 95. In efforts to establish the cause of this poor repeatability, a system-
atic investigation was made of the effects of ambient temperature, type of
cooler used on the rig, position of the regulating valve, flow rate schedule,
and flushing procedure. No clear-cut evidence was found for primary effects
due to any one of these variables. Much ot this work was concentrated on
flushing procedure since it was suspected that residual isopropanol (not
removed by the Bayol D in the standird flushing procedure) wag respunsible
for the erratic results. A flushing procedure was adopted in whici. no iso-.
propanol nor other mutual solvent was used, relying on successive flushes
with water and benzene to clean the rig. This procedvre apparently brought
the separometer ratings back to the original level in the 30-40 range and
improved repeatability somewhat. This procedure was used in running tests
at SwRI on all of the additives in the second CRC cooperative program as
discussed in the following seclivn.

In subsequent work.poor repeatability was again encountered,
and a number of other factors were examined for possible eff~~L on rating
level and repeatability. These included back-pressure regulator position
and condition, source (lot) of coalescer elements, and water holdup in the
fucl tank. The water holdup apparently was caused by progressive contam-
ination of the 100-mesh stainless steel screen in the hottom ol the tank.
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None of these variables appeared to be the sole source of the difficulty. Also,
it was demonstrated conclusively that the flushing procedure was not a critical
factor in results.

An analysis of the data indicated that a combination of blend aging
and water holdup at the fuel tank screen was the scurce of the repeatability
diffienlties on Additive K. Up to this time, no accurate records had been kept
on blend age. Usually, up to two gallons of test fuel would be blendad with
inhibitor; this batch might stand overnight or over a weekend before it was
completely used up in testing.  All blending and storage wae carried out in
glass containers throughout the program. A rather large number of tests was
run to establish trends on aging the blends containing Additive K and to inves-
tigate the relationship between tank screen condition, water holdup, and separ-
ometer rating. The following conclusions were drawn:

(1) With normal flushing procedures, water holdup at the tank
screen occurred unpredictably. Water holdup may be elim-
inated by acid-cleaning the fuel tank screen or, of course,
by removing the screen entirely.

(2) Water holdup was associated with higher separometer rat-
ings. Comparing results without regard to blend age. the
following average values and standard deviations were noted:

No water holdup observed (19 tests): 47 + 11
Water holdup observed (9 tests): 65 £ 11

(3) There was a definite trend toward lower separometer rat-
ings as the blend containing Additive K was aged. This was
qualitatively evident from the earlier tests, and a quanti-
tative comparison was made on later tests on blends of
known age, using only those tests in which water holdup had
been eliminated. The following average values a.d standard
deviations were observed:

Fresh blends (2 tests): 56 £ 0.5
Blends aged 72+ hours (8 tests): 37+£5.5

On the aged blends, the number of tests is sufficient to
establish that test repeatability was considcrably improved
when both blend age and water holdup wer« controlled in the
comparison.

(4) Although insufficient data are available to establish the crit-

ical period of aging, it was noted that four blends aged 16
to 24 hours gave ratings almost as low as those aged 72 hours
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or longer. Tharefore, it is probable that most of the inter-
action or aging effect occurred in the first 24 hours after
adding the inhibitor. '

Further discussion of the effect of blend aging will be deferred
until a following section

In cons.dering practical means of overcoming the problem of
water holdup at the fuel tank screen, reither acid cleaning nor opereting with-
out the screer is very attractive For acid cleaning, it is necessary to remove
and rcinstall the screen each time: this is too time-consuming for a test of
this type OQperating without the screen introduces some danger of pump dam-
age. Further. it tends to aggravate a problem gomctimes noted due to '"slug-
ging'" of water in the first few seconds of the flow period. It is believed that
the water. depen”’ing on point of addition, may hit the screen in a fairly mas-
sive dose; then because of the dead spaces in the back-pressure regulating
valve ind in ‘he line from it to the needle flow-coiutrol valve, a large portion
of the water may fail to be mixed into the fuel. This settled-out water may
then: either remain 1n the regulating valve or may partially "slug' through
when flow is started lo the coalescer. It is believed that the filter screen helps
to break up the first dose of water and minimize accumulation. It is understood
that current work of the CRC subpanel has been aimed at standardization of the
method of adding water, using a pipette and adding the water at a definite pcint
in the tank In all of the SwRI tests, water addition has been by pipette, Lut the
point of addition was not absolutely standardized.

The water holdup which has been observed at the filter screen
appears to be related to the development of a hydrophobic surface. In addition
to the cffect of such holdup in changing the proportions of the water-fuel emul-
sion, there has been some concern about the possible functioning of the screen
as a coalescer, thus jeeding a partly-coaiesced emulsion to the test section.
‘I'he fuel flow from the tank to the coalescer goes through the pump and the
body of the back-pressure regulatirg valve, but does not pass thrcugh the ori-
fice of this valve, which is assumed to be the primary point of el .lsitication
in the recirculated stream

¢
At this point in the program, a new f{ilter screen was installed
in the tank. Very surprisingly, no water holdup was observed in any of the
106 tests performed snhsequently These tests included all of the additives
tested previously, so itas difficult to sce how the problem could have been \

caused by "poisoning' of the screen surface by a specific additive. During the
period when water holdup at the screen was being encountered, its occurrence
appeared to be completely random, and no logical explanatio™ has been found.

Water holdup may also occur on the sloping bottom of the tank;
this is observed mostly with highly-refined additive-free base stocks. 1t is
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also suspected rhat major amounts of water are held up in the body of the
back-pressure regulating valve and possibly in the line from this valve -o

the flow-coutrol valve. During the latter part of the program, data were
recorded on the volume of water recevered in the scttling chamber. It ‘was
found that with highly-refined additive-free base fucl only 1 to 3 ml of water
were recovered during the entire test, in contrast with the theoretical recov-
ery of 15 6 ml. Thus, the emulsion being fed to the coalescer contaitea only
0 1-0 2% water instead of the nominal 1%. Addiiive-blended fuels gave some-
what higher water recovery, in the order of 4 to 8 ml. Since tests on additive-
containing blends are associated with water carry-through, it is nct possible
to assign a firm '"theoretical' value to the secttling-chamber recovery. In
general, water recovery data were very erratic; the following illustrate two
Gi the extreme types of deviation from theoretical behavior:

Theoretical for Soltl'ol 130
Completc Recovery  Soltrol 120 + Additive G

Separometer rating {100) 100 57
Total waier collection, rl, 2 0.5 6
at end of successive flow 4 -- 6+
periods 6 -- 7+
8 - -

10 2 8

13 -- 8

16 -- 8

In tests on relatively heavy highly-refined rnaterials such as Soltrol 130, it
is probable that most of the water never becomes mixed with the fuel, but

is held up on the bottom of the tank and elsewhere. In some tests on additive-
containing ruels, as illustrated for Soltrot 't 30 plus Additive G, it is evident
that a large slug of water comes through upon first opening the flow-control
valve [t was considercd possible thza! some of the water holdup problems
were associated with the design of the back-pressure regulating vaive How-
ever, an attempt to reduce such holdup by filling the chamber of this valve
with Woods mectal was completely unsuccessful, and, in fact, appeared to
increase the amount of initial slugging; probakly elimination of the dead
space in the valve simply favored the accumulation of water in the take-off

line.

It is felt that the present method of preparing the emulsion and
fecding it to the coalescer introduces some nonrepeatability into the test pro-
cedure, in view of the erratic water collection that has been “%userved. ltis
possible that a direct takeoff from the pump discharge line would be a supe-
rior method of feeding the emulsion lu the coalescer: however, this possibil-
ity has not been studied experimentaliy.
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3. CRC. Cooperative -Proeriis

As a part of the ovér<all contractual effort; SwRI i)‘artiéi!iaié'.;"
in the work of the CRC - Aviation Panel on Water Scparation Tests andin.
two cooperative programs of the Separometer- ‘Subpazel. One of theé 1est
fuels (Gulf Coast JP-4 designated as RAF—l:l-oO) and'most of the-daaitives
used in ko3t programs were jurnished by SwRI as 2 part of ths‘work.

Tke initial prograr: of the CRC ‘Subpanel was concerned with
checking out the rigs as supplied, using several additives to. nge a 'xde
range of ra‘.ngs SwRI data obtaineé at that time are included in- Table in
This program was iun with ungrzded coalescer discs as dcscnbed pre--oasly-
Nevertheless. the agreement afong iaboratories Sas reascnably 300d, and
did éemonstrate that additives were rated in the same general categories: of
performance by 212 latoraturies.

The second CRC progzam included the use of graded coalescer
elomments and slight charges in ¢guipment and precedure. The SwRI resuits
obtairved ir this program are shows in Table 12. These results were. ed

sing the benzenc water ilusking procedsre discussed previousiy. it I
noted that other laboratories retained the staniard flushing procedure’ “forthis -
s-ogram.

Although 2 discussion of the sver-all resuiis of the CRC: program
is outside the scope of this report. it may de noted that effects of ‘blendxgg )
procedures and aging were observed by other laboratories, and were believed
to be responsible for some of the discrepancies obssrved. Since these prob-
lcms wcre unrecognized at the beginning of the program, no standard proce-

res kaé been z2dopted. it is orobable that wide variations in procedure occur-
red among the iaboratories All SwRI tests werc runon bxcuuec-m-gla.ssk
samples. adding the inhibitor to the fuei «=c stirring until dissolved. Mast 61
the tests were run on iresh blends. bat in the SwRi tests at that time nc definite
control wzs exercised on 3ging periz® At Ieast one laboratory in the CRC sub-
parel used stock solutons of the ichibitors, adding them to the basc fuel:
fately Sefore sariing the test R

It is understood that in current CRC programs

the sample biending and handling procedures have beea standardizes, so that

the test iiself may be evaluated without added complications. As will'be dis=

cussed in the following section. aging or interaction effects have been found

to occar with several inkibitors. Therefore. it is very possible that the inher=

ent reproduciktiiity of the separometer 1ast among laboratories is considerably
iter than that Gemonstrated in the early programs. ' i

Tke problem of water holdup in the tank has als~ Zzen noted by
other labecratories. In some of the more rzcent CRC work, this problem was
elimirated by running withou: the filter screen.
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TABLE 11. SwRI RESULTS IN:FIRST PROGRAM ON- .
wxmn sspmour:-rsn

Eqiipraent used as received
Standard: ﬂnslnng procedure

OEiginat six_step flow.-rate schedule
Fuel temperatures below 20°F i in all tests

______ Base Fuel __ Additivel®)  Average Méter Readitigs
Bayoi D Nona(d) 99

Esso turbine fcat None(P? 105, 100
S B 52, ‘90

RAF 151:60 {Guif Coast JP-4) None'™} 102, 100
- A 80, 61;.35. -
Bib) 52, 91, 78, 87. 96 93
. o z. 2
x DAb) 89. 99
" j 100; 95
" 100, -)5,
23 66. 46
10, 11
l@, 14 . -
3_21» ”' 40-. 3’: 54‘;
27, 45 ‘
94, 99
3. ¢

|
-
|
E
1
;
i

{a) Maximum allowable c‘oncen;}raﬁonper MIL-1-25017.
{b) Inclided in cooperative CRC program.
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TABLE 12. SwRI RESULTS IN SECOND PROGRAM ON-

WATER SEPAROMETER
H Graded coaléscer eleménts .
£ Water ard benzers cséd for fiushing
3 Revised {3cven=stez) fow rate schedule
Ambién: temperature 70-80°F
3 :
_Base Fuel Additive(3)  Average Meter Readings'
3 Esso turbine fuel Tone 100
] ,
; Esso terbine fuel B 91, 28, 97, 96.
. RAF 151-60 (Giilf Coast JP-4) None 100. ¢g, 100 =T
RAF 15i-60 {Gulf Coast FP-4) B 90. 89 94, 94
RAF 151-60 {Guif Coss: JP-4) D 84, 84, 83, 74
RAF i51-6C (Galf Ccast JP-4) E <9, 99. 98
- : RAF 151-60 {Gulf Coast JP-4) K 40, 47. 45, 45
i- RAF 151-60 {Guif Coast JP-4) (o] 12, 14, 2
‘e i
- i RAF 151-60 {Gulf Coast jP-4) P {0-1%) o9, 199

RAF 151-60 {Gulf Coast JP-4) Q{9.5%) 98, 98

{a) Maximum allowable concentration per MIL-1-25017, except as
irdicaied.
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4 Blend Aging Fifects

As described in the preceding section, a definite blend agmg
effect was discovered as one of the major factors com:-xbutmg to the pabr
test repeatebilitv on Additive K. It is quite reasonabic to 'p;:cse that jueis
2dditive interactions may cccur, depending on the composition. of tha: ad"'

ive and of the nonhydrocarbon trace consiituenis of the fiiel, and- that
interaction: either might be quite rapid or might reguire several hour<~
days. of even longer to develop fully.

given in Ta‘ble 13 Tms table mcludes ail of the :m!ubhors tested m

some of ihe inkiL.ors have been runoriyatzeroage. Essentiaily “”o‘ the
@at2 shows in Table 13 were obtained after the installation of the nev,i;;tgg

screen. so that water holdup was no: a compiicatins factor. It =i bc::s’.ed

that of those additives for which adequate data are available; two of them

(K and L) showed definite decreases in separometer rating as the blends

aged, and three of them {B. D. and Gj showed definite increases. Anczh‘r

addiiive (F} shosed a2 slight increase upon zging which may bedsxgmfic‘;_x_z_g

in view of the Imiproved repeatability demonstrated in recent tests. .

The increase of separometer rating upon dlend agxng was: rathe-
spectacn_ ar in the case of Additive G, which gave initial ratings cf 2:~30
ncreased to 53-74 after 3 hours and to 79-81 after 13 hours or more. -

-
u.-u ARE A A

All of the six additives for which adequzte data are available do show same

aging effect in he JP-4 fuel. The remaining seven additives were- aotfcheck"e@ S

for aging effects: they fall at the nigh or iow ends of ke separomiEier ram
scale. and hence aging effecis wouid have 1o be rather extreme to be detected:
It is very possible. Lhowever. thatl seme of them would show such cffccts-

The variation of waler-3#5a. alng properties with blend aging:
time points out the difficuliy of raiing the apparatus itself when this compii-
cation is present  Alithouch it s crnsidared desirable to use 3ctusi oroduc:
tion fuels for such work. the prescace of nonhydrocarbon tracs «ois stinients

in such fuels does complicale the evaluation of the apparatus.

A question aiso arises in interpreting the results as applxed to
the individeal inhibitors. For a comparison of the sepzriine.er resu:ts with
thuse of the single-zlement tests (which compasison is made ina later sec-
tion of this report). the fresh-blend separometer resclts are used. ‘Ibe
single-element tests in this program were run on fresaly biended fuel-

acdditive mixtures in all cases.

Although no attempt was made 1o define the chemicsl reactioss
'olw.d in xhe obser:ca agmg effects it was ccmo'zsxra ed raaxcr condu-

action of the additive wiih polar no:u-;droca:'oon constituents of the fuel. A
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Additive(d)

Base fuel Gulf Coast JP-4

TABLE 13. SEPAROMETER RESULTS ON FRESH AND AGED'Bﬁﬁg;ii :

___Separcineter Ratings at Follow
‘ ' 23 45

0

{a)} Maximum allowable concentration pexr MIL-I-25017.

29, 32

85
30, 27, 27
10, i1

31, 33

45, 55, 57, 56
52, 41

98, 98

32 3

18231 T2

82 90

85 89

74, 55, 60

{b) Biend age unverified.
{¢} Average of 8 tests; standard deviation 5. 5.

A
B
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D
E
F
G
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L

96

79
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sample of the Gulf Coast P-4 fucl was treated by percczanon through
adsorpu:m-grade aiuraina {16 ral fuel per gram alumina). S&narométer zests
on Additive G st maximum concentration in this fuel gave the followmg ratngs:
in comjpzrison with blends in untreated Guli Coast JP-4:

Es e yeaepegt s

"resh Blends Biends Aged 24'hr

S D B 41 R s e, 1

Treaied fuel 9 i4
Untreated fusl 28 79

y
et td 83 hmad t

Thus, the aging effect for this particular additive is indeed due to intefaction -
between the additive and polar trace constituents in the fuei. It will be noted
that ever thi fresh-blend value for the treates JP- 4 fuel is much lower than
the corresponding fresh-blend value for untreated fuel. This is an indication
that the inicraction between additive a«d fael constituents eitker has an-appre-
ciadle cifect immediately 2fter blending, or that the interactior becomes’ sig-
ficant during the course of the separomete-— test itself. The "fresh-blead”
vzives, altnough termeé “zeso-fvur” daia, acteaily repreésent about 15 min-
utes betwzea the biending operation and the start of the separometar test.
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in the light of these data on Additive G, it appears probable that
the aging effects observed with othes addiiives may well be caused bf smul
interactions. Another phenomenon which has been mentioned as a povsgxalt;,
cause of aging effects is the “plating out™ of additives, i.e , additive depletion
Suring storage of fuel-additive blends by adsorpiion of the additive on contairer
walls or other surfaces. It is believed that suck depleiion is unimportant here,
and in iy case the decrease of separometer ratings {such as for Additive K)
could sot ke expizined on this basis.

ot vl s s

TR

Arny broader interpretation o" faei-acditive aging phenomesa is
outside tixx scope of this report. Hmay be nicted in passing that both the
frezhly-blend=d and aged characieristics of a given fuel-additive combination
may be of praciical importance in #~12 fuel-handling 2quipment. The results
discassed her= applr oniy o one particular JP-4 fuel. and it skoula nct be
inferred that the same aging chzracteristics will be given by a particular adi=
tive in different fuels.
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3. Effect of Additive Concentration

A limited sindy was made of the affest of additive conceniration
on Scparometer ratings, using Additives C and K. Ths results of this study
are someawhat inconclusive kecause of the accurrence of water holdupin
these tests, as discussel previonsly. Cizssifying the resuli~ 2:cording to
whether or not water hoidup was obtained. the fotiowing lineupr of separometer

ratings is observed:
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Tests with Tests without
Water Hcoldup Water Hoidup

Additive C, Maximum 8 &
Intermediate 11
Ainimum 7: 20

Addisive K, Maximam 69 (Avg) 56 {Avg)
Afinumum 66 59

All of these test results wer: obtained or: fresh blends. Additive C showed
2n increase of separometer rating at minimum concentraticn vhich'is prob-
atly significant, alithough the values of 20-27 are stiil on the low.end of the
separgrneter rating Yange The results o Additive K did not show any sig-
nificant change of ratinz on reducing additive concentration. As discussed
previously in connection with the single-element tests, the minimum con-
centration is in the order of 30% of the maximum in the case of A2ditive C,
but in the order of 70% of the maximum ia the case of Additive K.

pa

o. Reference Fluid Investigations

Although imitial experience with the CRC scparcmeter had-been
meoderately farorable in terms of agreement among laboratoriss, it became
evident that some sort of reference fluid or fluids was needed for interlabo-
ratory checke on equipment operation and rating level. The aging effects
obsecrved with commercial additives and fucis indicated clearliy-that such
bicnds are not suitable starndards. Ideally, a reference fluid should be readily
obtainable, closely specified. inexpensive, and ciose to commercial fuels in
physical properties and hydrocarbon type composition. It may be assuined
that any pure hydrocarbon or mixiurce of hydrocarbons in tnus range wiil have
2 separometer rating of 190 if the equipmemnt is operating properiy. This one
checx point, however, Is not a critical o3t of rig rating level; it is necessary
also to have reference fiuids in the mid-range where reproducibility is more
difficuls.

Pure hydrocarbons with physical properties in (ke jet fuel range
are extremely expensive. Some work h:s been reporied by other laboratories
on the use of lighter materials such as toluene-isvociane blends as reference
fluids. These rydrocarbons are readily available and relatively inexpensive.
but their low viscesity iniroduces operating probiems in the separometer.

In general. it dees not appeéar utcessary 10 specify pure hycro-
carbons as reference fluids, provided suitable commercial hyveiroczrboa sol-
vents. frec of polar :naterials. can be obtained. Bayol D, a widcly used
"reficed kerosene™ soivent, is no longer available. Threc solvents have been
examined in the SwR1 program for possible use as reference fluids: Sovasol

35, WS:3730, and Soiirst 130. These are ai} isoparaffinic "odorless™ solvents.
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obtained {sc far 2s is ¥nown) from heart cuts of alkylate bottoms. Ne addi-
tives are presznt in the WS-3730 cr Soltroi; but the particular Sovasol dsed. 3
in this program was reported by the supplier to cont2in 2 smaii 2mouiil of
“antioxidant. ¥ The foilowing daia are of inerest in compar: 1nz physical m—o-
perties of these solvents with tke properties of commercial fuels:

Dis:. Range, Gravity, Viscosity,

‘FE__ APV60_ csi199°F

Gulf Coast JP-4 140-305 50 0.84 :

viation ® :roseae 350-520 M1 1.38 .
Scvasol 35 345-420 - 1.48
WS-2730 430-500 48 2.4
Soltrol 130 350-405 36 1.38
Baycl D 430-500 48 1.85

It will b2 noted that the Sovasol 35 and Solire! 130 Ipproximate the viscosity 7 :
of cormmercial aviation kerosene. and the WS-3750 is much more viscous. :

Separometer resulis or the three T“cdorless™ solvents hlenéed
with various commercial carrosion inhibitors are shown in Table 3 It will )
be noted that the Sovasol 35 gave consistently Iow ratings; anparcntlv the pras:<

nce of the ®zniioxidant™ in this solvent makes it unsuitable.as a reference
fluid. Fercolation through 2iumina brings this solvent up to 100 separomet-T

rating. It is understood that additive-free Sovasol 35 can b= obtaired from a
different rafinsry of the same com mpany.

Tae tests wiil wunadibited WS-375C gave ratings of 100. Some
of the additive blends in this sclvent gave resulis *hat were lower than the
corsespzading results with JP-4. Hewsowar, the most outstanding chargs was
shown by Additive G. 1t wili be noted that ine aging €ifevi vuserved with JP-4
was compietely absent when this additive was blended in WS-375¢ In this
respect.the WS-3750 was similar to the alumina-treated JP-4 dec~—ibed
praviously

WS-3750 i3 somewhat unsuitable as a reference fluid because
of its high viscosity Apart from the question of c-unparabi’s 2ty of results with
thosc ox fuels of normal viscosity, there are also opcerating problems. The
W5-3726 canmnot be used in the metcring systems of the oxisting separsmeters;
for the tesis shown in Table 14, an auxiliary rotameter was used. Alyo, emul-
ion formation appears to be scmewkat more Eifficait with tk:s viscous fuel.

The Soitroi 130 gave ratings of 100 on uninhibited jael. and rated
the additive: 2t essannally the same }cve!s as given in cerresponding tosts in
3P-% fuel. There also appeared 1o be a slight aging eficct on the two addmves
for whickh this was investigated. The aging =ffects were in the same direct
as 'hose observed for the corresponcing JP-4 biends, but rot as promunctd;
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TABLE 14. SEPAROMETER RESULTS ON REFERENCE
FLUID CANDIDATES E
F H“

. . Separometer. Raﬁi:!(b) . R - ST
Additive?)  Sovasol 35 WS-275C  Solrsi 130 JP-4(Average) -~

None 80 100 100 100 LT

7 10C 200
: 81 o
130ic) -

Loy
s otdob ey

R AT ot T TS RS Bk g n R 2B R v i Fe

")
[
oo
13
[~

82 (C)

o

67 {0)

A esiiry

(4]
")

8 {0} 3{0) 6 {0}
84

'

R

D 11 (2) 90 {0) 94 {0j 72 {0) -

I . .
B T Lt O P A

1 | 10 (3. 55 93 {18)
.- {
2s- : : 100 {c} 13020} 20 2
N £ P 17 {0) 85 (0)
i8 (33 82 (5)
: G 2 {0) 10 (0) 29 (0) 28 (03

11 (3) 57 (3) 63 (3) .

s 10 {29} 15 {24) 43 124) 79 (24,

P-4 ® 27 io; 23 {8 63 {0} 52103

22 {G) 32§{3) 53 {3) 3
24 (29) 33 {24) 54 {24) :
15 (149) 7 (72

R N e R T T Y T Y M I Ty g

1)

-
]
.-

O L Y T T S Rt S SN

o 13 (0) 3(0)

with

w 1¢ (0)

ers; ) %

trmul- £

1 i fa) Maximum allowable concentration per MIL-I-25017.

{0) Wumbers ia gaventheses represent fael-additive blend age in hours.

ated _ {c) Fuel percoiated through alumina.
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very preliminary work done on base stocks ox reference .
fluids is not s--“' cient 1o make any firm recommendations:. ot ;he -three 36]-
L " vents axamined. Soltrol 138 appear's to be the mose suitsble. }{@m:\rer, the .
aging =ifect observed with some of the additives is a sourct of cancern. It :
may be that seme sort ¢f 2 final cleanup op2ration in the hoora.orv m be
necessacy to insure 2gainst aii polar contaminants, tegardlecs of whav ‘Eags
stock is specifieé. There is no standard quality test that <au be appheé to
prichased material, otker than separcmeicr 'oevformance. to define its: ‘suit=
2dility. Tke use of 2 separometer test as a snecxﬁcatxon for the pr.rchase of
Zelerence fivid for the scporometer would be meaningless. -

neye

o ey

L34

Farther wark on refefence fiuids is being carried ot “'-oég.. S
CRC cooperative 2ction. Ir addiiion to specifring a suitable base flsiid; it will -
| be necessary to specify a suiiable additive or acaitives for obtaining: the stand- .
arc fluids for the intermeciate raiing range. The commercial corryion: :...En'b-

itors used in the SxRI program are rot suitable for this purpose becavse of

iack of auy firm specificaiion on composition. Mosi of the cumpos-non: ‘Ers
proprietary. and ia any case are believed to be insuificiently stanéandized for —~  °

use in reference flviés.

thadgens s Ay bk wb

Although refereace fluids would be desirable for rig standardi-
zation and checking reprocucibility. it is our cpinion that they are notabso-
. lutels essential for this purpose. ans ihat any extensive effort in their
1 development is rot justified. :

‘ o L . . .
o n ey It R R e a T e bt b enn T TRt ek es b dhetsh e oo o

) Another potentiai use of a stacdard base fluid would be as a2 :
material in which new 24ditives {or production loto of present addxu\-es) S
could be checked for their erfect on wates separation. For such use, t}ge
Soltral 132 2ppears guite attrzctive, since the additives tested were ali rated o2

] 2t approximatcl, the same levals as in JP-4. It-is believed that such use cf :

1 2 standard dase fluid is of considerable ralue, and more work ir this gy_ec. ] :

iion would be dasiraple Althongh e standsrd-fiv, d evalvation of an additive o

couid.nossibly precict performance in 2l cominergial fueis, such an evaiu- )

aticn weold at Izasi s2rve to weed ont poor mateTials. -

7. Tests on High-Temperatere Fuzl =

TR

in  brief study of the sSeparometer’s capability of evaluating a :
Eigk-Jdensity high-viscosity fuel. doplicate tests were run on HTF-27 (xsogro— :
p“lmcvc.ohesvll This material 1s muck heavier than any of the fluids previ- .

$1orm shonpia b

’ S 3 susly rux in the separometer. havije an API gravity of 28 ard & viscosity of 1
£ ] 6.3 cerntistokes at 100°F. It was hiecessasy to use an zuxiliary rotameter for -
i : $ this material. -
: § - Excellent cozlescence was o5lhinod; the doplicate togts J2ve
¢ § Tatings of 98 2n? 20 Hawever. the iaitil] emclsion formed by reciréuiation
: : 3 Gid =01 appear to be as dense or stable 2s (icse otlained with JP-4. Also,.”
; § ) 61
: 3 A
£ _
£
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1t was obscrved that at the higher flow 1..tes there were relatively large drop-
lets of water (or possibly fuel-water) which rose slowly through thc scttling
chamber. These droplets were eventually carried into the turbidity cel. and
caused fluctuation of the meter but no permanent deflection. It appear prob-
able that the velocities in the settling chamber are too high for a fuel cf this
density and viscosity. Fuels of this type could be evaiuaied in the separometer
in its present form.provided the flow rate schedule is modified to exclude the
higher flow rates. An alternative solution would be the use of a larger settling
chamber to reduce velocities. If any extensive work were done witi. this type
of fuel in the separometer, it would be desirable to improve the method of
emulsion formation. The tests performed here have indicated that the separ-
omecter can be adapted to evaluation of such fuels, by modificaticns similar

to those indicated.

62



V. COMPARISON OF SEPAROMETER AND SINGLE-ELEMENT RATINGS

Having identified and corrected the factors contributing to separometer
nonrepeatability, it was possible to obtain a firm comparison of separometer
and single-element ratings on the additives. Table 15 gives a listing of recent
separometer tests on all of the corrosion inhibitors, and the corresponding
single-element ratirgs based on effluent clarity. The separometer ratings in
the table 211 represent tests in which no water holdup was evident. Further,
in cases where an aging effect was noted, the separometer ratings in the table
all represent {fresh-blend data. This latter restriction was ohserved since
Ihe entire single-element program was run on fresh blends. It should be
pointed out again that the aging charactevintics of a particular fuel-additive
combination may be of utmost importance in determining its suitability for
some particular use; however, for the purposes of this prugram, nging char.
acteristics are merely a complicating factor which has necessarily been
eliminated or equalized to obtain valid comparisons.

As shown by the results listed in Table 15, the most recent separo-
meter ratings (observing the restrictions mentioned above), show excellent
repcatability, the spread between duplicate tests being 3 units or less on all
inhibitors except the K and L, these inhibitors {which are in the difficult mid-
range of rating and also show aging effects) give a spread of 7 to 10 units in
duplicate tests The ratings shown in Table 15 for Additive D, avecraging 87,

‘ are considerably higher than the ratings in the 70's that have been reported
previously for fresh blends of this additive However, the higher ratings
have been verified by additional rechecks and appear to be the most reliable
results

In considering the degree of correlation of the separuvineter ratings
with the sisgle-element ratings, it will be ubserved that the additives fall
into two broad groups. The group with the ketter performance showed separ-
vmeter ratings of 82 to 95 and a tvie? 7 2.0 to 4 5 satisfactory single-element
ratings. Within this group.the singlc-clement tests showed somewuat sharper
discrimination among the additives than did the separometer tests. For
example, it is believed that the distinction between a 4.5 and a 3. 5 rating in
the single-element tests represents a significant difference ir performance
level, but that the corresponding 99 and 98 separcincter ratings are indis-
tinguishable Although no proof can be advanced, it is believed that jt would
be advantageous to modify separometer procedures to ''spread out'" this L]
upper end of the scale with the aim of obtaining more discrimination. It is
noted that the order of rating additives in this group is cxactly the same for
both tests.  Although this is probably fortuitous (in vicw of th: uwinall differ-
ences in both separometer and single-element ratings), it is still vexry encouraging.
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TABLE 15. COMPARISON OF SEPAROMETER AND-

Galf Coast JP-4 fuel
Satisfactory

) Single-Element

Effluent Patings(®}

4.5

1.0

Q » ®W mMm o 2z M
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e o
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C O

0 {i test)

preee e —

99(99.
98 (98,
87 (39.
85 (85,
82 (32,
30 (29,

29 430,

50.{45, =

48 (52.
32 {31.

10 {10,

29)

98)

85,

85)

82):

15)
33

13}

*

1¢6. 8)

33, 3)

Maximum allowable concentration per MIL-<1-25017.
Number of satisfactory effluent cloud ratings. out of five sossidbie
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The group of 2dditives with relatively prorer- periormance in-botl
tasts includes single:element ratings of 1 and 9, and separomster- ran-gs
from 3 to 59. The order of rating by the two metho3s s not thie Same,; since:
Agditives A and G feach showing one satisfactory smglv-element test) Were
rated iower in the separometer than some of the other additives’ whick S‘“’e S
nv satisfaciory single-clement tests. This discrepancy is ot consxdered o
serious, in view of the many modes of failure wlnch are o\served m ‘sifgie: s :

{prn s breibrin oimgei

P

‘both.

PPN

eleznen: icsts. Thatis, a particular addmve-element ccm'-ma‘zon mav nge -

a aliag smgla-e"e:::-nt test b\. fanure of rater-roalescmg zct.on. ny x::—.ss-

acticn of the a&dxu‘.e,. or Er.- passage of solid parucles at hij
drop. The separometer evaiuaies ine relatively simple phenc:::e::m of
water coalescence without the complication of soiié coftaminani.
the single-elemen: ratings are tade on a go-no-gC tasis which deinands.
essentially perfect performance at 2 given set of conditions; the separometer )
s of failure™ cver a range of flow rates: :L
Another difference beiween the two types of test is the flow system. In the -
scparomater,the fuel 2nd water are premixed, and flow througk the coa-

: operate with continoous,
injection of contaminants aré recirculating flow. In this respect the single-
element tests suffer from the same basic disadviartage as ‘that observed in
full-scxle filter-separator testing. The recirculating fuel system is an.
artificial device, znot eccountered im ficid cperation. which conceivabiy can
give fictitious resulis because of cumulative builéup of solids or curnulative

Tatings are based on the Yexten

lescer is s;ng‘e-?ass T“ﬁ ssnn‘la-.‘monf 1088

extraction of additive ané fuel constituents.

In view of the many differences between the two methods of evalua-
tion, the degrec of correlation appears 16 be satisfactory for ihc additives.
testeé a2t maximum aliowable concentration. The studies of eff2dt of concen-
tration have been very limited, owever. they have revealed one ¢xample on
Adgditive C in which the twwo methods of evaluation do not correlate, as shown

oy the foliowing-

Average separcmeicr rating

Singie-eiemen: resuis-
Humber of element types tested
Number ¢f element types giving
s3usfaclory esis

Maximum

prast:-e

Furt..ex‘

ot . . '
IR NS Ak SRR Lt E T e ek Kba iy
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Joamn o aegud - Ler ek,

<ted

M
B
:

Mizizmum

Concentration Concsmesdsss

-

[*1]

e

24

1 P

It can Bt seon thas the reduction of conceniration gave a satis™rtory single-

element 1est, bat Jid cot raise the separomeRT rating to the leve: tsually

associated with saiisfaciory performance. Thus. this may be aa example of
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Vi. CONCLUSIONS

Aed ap AREE S
' .

The single:element tests Tua in this prograra kave mdlca'ed very
definite differences in the effect of various additives on water- and dn"
zemcvzl. and also definite differences amcng the efficiencies of various -
types of filter-separator elements. The préscince of corrosion n:!nbx'ors o
- was generally detrimental, particulariy on water coalescence aﬁ separa- h )
tion. Fiiter tests witk iron oxide contarninants usuilly showediess aﬁectr-c )
perismmance, and scme reversals of relative additive ratings wéré noted: R
{in comparison with tests with the AjC dust). The use of red iron onde plns G

0.5% water gave the most scvere conditions for filter-separator performaace. =~ - :

[SRye R A S

Ry
[
o

Fa sy e

Tkere was a gereral relaticnship between the effect of an addnn-e on
interfacial tensior and its eifect on waier separation; but two of the twelve
inhibitors did nat follow this general cocrrelation.

PR e, e

MOeTt
i

k2g failed at maximum concentration showed eniirely acceptable results-in. .l
comparable tests (A/C dust and water}. Fuel arematics cenient and: gnntv. L
within JP-4 specification Eimits. did not show any effect on coalescerce or '
=olids retention, but there was a marked eifect on filier plngzing {in tcsts
with A/C test dust and water). '

At minimum allcwable concentrasion, threc out of five additives =hich ,...

L T
Je3 Pl st | SR dmlern - G sado, Yok Ady

Ty Al adat,

. The program with the CRC water separometer has shown a very o
encouraging correlation with the single-element test ratings based on éi?ment i
clarity. Severe difficulties in separcmeter test repeatability were encoun-

. tered in the early part of the program; however, mast of these were the:resclt
of interactions between fuel and certain additives and cannot be attnmdea to e
any difficulty with apparatus or procedare. Somnc .inor revisicns of .ha :
separomzisr tast woulG be desirable o forther improve repeatability, s‘.xch
as deiailsd standar&ization of he procedure ior emuision formation anc tne
elimination of water holéup in this svstemn  The latter wonid requise eguin- -

] mert modification, and may rot de Sully justified to date by the resdits’

obtained. -

PRI A
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In a limited search for a separomzier reference fiuid, the most
attractive candidate tested was Soltrol 139, a commuzrcialiy-available
) alkyl2is cit. A reference fluid would be very convenient for s<reening.
Do 3 experimental additives. but suck a fluid is nst absolaiciy essential for 8
purposes of standardizing equipment and procedure. ’
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